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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PURPOSE: To provide an organic EL element which is transparent as an 
element and has good emitting efficiency. 

CONSTITUTION: The thickness of an electron injecting metal layer 6 is set 
as thin as several nm, and a second transparent conductive layer 7 is 
laminated on the electron injecting metal layer 6. Since the electron 



injecting characteristic managing the emitting intensity is ensured by the 
electron injecting metal layer of several nm, and the absorption of visual 
light in the electron injecting metal layer can be ignored, an organic EL 
element haying a high transparency and good emitting efficiency can be 
provided. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the organic electroluminescence element which the organic thin film which consists of two or more 
layers, and the 1 st and the 2nd electrode layer which are prepared in both sides of an organic thin film are prepared in 
layers on a transparent substrate, and the 1st electrode layer consists of a transparent conductive layer, and is 
characterized by the bird clapper from the electron-injection metal layer of a super-thin film of the metal of a low work 
function which prepares the 2nd electrode layer on an organic thin film, or the alloy of the metal, and the transparent 
conductive layer prepared on an electron-injection metal layer 

[Claim 2] The organic electroluminescence element characterized by providing the following The organic thin film 
which consists of two or more layers It is the electron-injection metal layer of a super-thin film of the metal of a low 
work function which the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film are 
prepared in layers on a transparent substrate, and the 1st electrode layer consists of a transparent conductive layer, and 
prepares the 2nd electrode layer on an organic thin film, or the alloy of the metal. It is a coloring layer to one near a part 
or near all of the construct which consists of a transparent conductive layer prepared on an electron-injection metal 
layer, and this construct. 

[Claim 3] The organic electroluminescence element characterized by providing the following The organic thin film 
which consists of two or more layers It is the electron-injection metal layer of a super-thin film of the metal of a low 
work function which the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film are 
prepared in layers on a transparent substrate, the 1st electrode layer consists of a transparent conductive layer, and the 
2nd electrode layer prepares on an organic thin film, or the alloy of the metal. They are either an acid-resisting layer or 
an optical diffusion layer to one construct [ which consists of a transparent conductive layer prepared on an electron- 
injection metal layer ], and construct side. 

[Claim 4] The organic electroluminescence element characterized by providing the following The organic thin film 
which consists of two or more layers It is the electron-injection metal layer of a super-thin film of the metal of a low 
work function which the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film are 
prepared in layers on a transparent substrate, and the 1st electrode layer consists of a transparent conductive layer, and 
prepares the 2nd electrode layer on an organic thin film, or the alloy of the metal. They are either an acid-resisting layer 
or an optical diffusion layer to another side about a coloring layer in one near a part or near all of the construct which 
consists of a transparent conductive layer prepared on an electron-injection metal layer, and a construct. 
[Claim 5] The claim 2 characterized by the color of a coloring layer and the luminescent color of an organic 
electroluminescence having a complementary color relation mostly, or an organic electroluminescence element given in 
4. 

[Claim 6] The thickness of an average of an electron-injection metal layer is the claims 1, 2, 3, and 4 characterized by 
being several nm, or an organic electroluminescence element given in 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the structure of an organic electroluminescence element (it is indicated 

as an organic EL element below). 

[0002] 

[Description of the Prior Art] An electroluminescence (EL) element is useful as the object for a display, or a light 
emitting device for lighting, and the organic EL element which can especially be driven by the low battery can be called 
the display device or light emitting device which was very excellent. 

[0003] Drawing 7 is the cross section showing a typical organic EL element. On the transparent substrates 1, such as 
glass, the organic EL element is carrying out the laminating of each thin film of the transparent conductive layers 72, 
such as Indium Tin Oxide (ITO) and tin oxide (Sn02), the electron hole transporting beds 3, such as a triphenyl diamine 
derivative, the luminous layers 4, such as a distyrylbiphenyl derivative, the electronic transporting beds 5, such as an 
aluminum chelate complex (Alq), and the metal-electrode layer 76 one by one. 

[0004] The small metal of a work function like magnesium (Mg) and a lithium (Li) as the quality of the material of the 
metal-electrode layer 76 or Mg-Ag, Mg-aluminum, and the small alloy of a work function like aluminum-Li are chosen 
here. 

[0005] And if direct current voltage is impressed so that the transparent conductive layer 72 may just become to the 
metal-electrode layer 76, EL luminescence will take place in a luminous layer 4, and light will be emitted outside 
through the transparent substrate 1 . 

[0006] Now, if a light emitting device is obtained as the transparent body, various practical effects are expectable. For 
example, since the arrangement object of the lower part of a light emitting device appears at the time of un-emitting 
light when it uses for the lighting of the dial for clocks as indicated by U.S. JP,4,775,964,B, it can consider as the clock 
with lighting which was extremely excellent in design nature. 

[0007] The very general organic EL element explained using this point and drawing 7 is [ a metal-electrode layer 76 of 
about lOOnm thickness ] and is opaque. The transparent organic EL element is indicated by JP,6-151063,A. 
[0008] Drawing 8 is the cross section showing the structure of a publication in the above-mentioned official report. Both 
the transparent conductive layer 72 and the metal-electrode layer 76 have placed and changed to the 1st transparent 
conductive layer 82 of metal addition, and the 2nd transparent conductive layer 86. 

[0009] The purpose which performs metal addition tends to control the work function of each 1st transparent conductive 
layer 82 and the 2nd transparent conductive layer 86 by the addition metal, tends to gather the electron into an organic 
EL element, or the injection efficiency of an electron hole, and, moreover, tends to raise luminescence intensity. 
[0010] In addition, the luminous layer 4 and the electronic transporting bed 5 in drawin g 7 are replacing by the 
electronic transportability luminous layer 84 of 1 lamination here. 

[001 1] As far as it is well-known as a variation of organic EL-element structure what functional separation of each class 
of a luminous layer 4 and the electronic transporting bed 5 is carried out, and it takes into consideration and chooses 
luminous efficiency, the luminescent color, etc. and is related with this invention, it can be said whether to be Ming 
from future explanation that the selection can be performed freely. 

[0012] In addition, the black color layer 87 has established the contrast as a display object in order to improve. 
[0013] 

[Problem(s) to be Solved by the Invention] According to the experiment whose this invention person etc. formed and 
carried out structure of a publication in the above-mentioned official report about the conventional organic EL-element 
structure shown in drawing 8 , it was difficult to realize sufficient luminescence intensity and the permeability of 
sufficient element simultaneously. 
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[0014] Although this was hardly influenced for the transparency of a transparent conductive layer in metal addition of 
about 1% or less of minute amount, luminescence intensity fell remarkably, and since transparency was unmaintainable, 
this invention person etc. thought by several% or more of metal addition. 

[0015] And as for this invention person etc., in metal addition of about 1% or less of minute amount, that the work 
function of each transparent conductive layer is fully uncontrollable assumes as a cause of a luminescence on-the- 
strength fall. 

[0016] the technical-problem point of the above [ the purpose of this invention ] solving — as an element ~ 
transparent -- an organic EL element with luminous efficiency sufficient moreover — offer — they are things 
[0017] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the means of the following publication 
is used for the organic EL element in this invention. 

[0018] The organic EL element in this invention has prepared in layers the organic thin film which consists of two or 
more layers, and the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film on the 
transparent substrate. The 1st electrode layer consists of a transparent conductive layer, and the 2nd electrode layer is 
characterized by the bird clapper from the electron-injection metal layer of a super-thin film of the metal of a low work 
function prepared on an organic thin film, or the alloy of the metal, and the transparent conductive layer prepared on an 
electron-injection metal layer. 

[0019] The organic EL element in this invention has prepared in layers the organic thin film which consists of two or 
more layers, and the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film on the 
transparent substrate. The electron-injection metal layer of a super-thin film of the metal of a low work function which 
the 2nd electrode layer prepares on an organic thin film by the 1st electrode layer consisting of a transparent conductive 
layer, or the alloy of the metal, It is characterized by preparing a coloring layer in one near a part or near all of the 
construct which consists of a transparent conductive layer prepared on an electron-injection metal layer, and a construct. 

[0020] The organic EL element in this invention has prepared in layers the organic thin film which consists of two or 
more layers, and the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film on the 
transparent substrate. The electron-injection metal layer of a super-thin film of the metal of a low work function which 
the 2nd electrode layer prepares on an organic thin film by the 1st electrode layer consisting of a transparent conductive 
layer, or the alloy of the metal, It is characterized by preparing either an acid-resisting layer or an optical diffusion layer 
in one construct [ which consists of a transparent conductive layer prepared on an electron-injection metal layer ], and 
construct side. 

[0021 ] The organic EL element in this invention has prepared in layers the organic thin film which consists of two or 
more layers, and the 1st and the 2nd electrode layer which are prepared in both sides of an organic thin film on the 
transparent substrate. The electron-injection metal layer of a super-thin film of the metal of a low work function which 
the 2nd electrode layer prepares on an organic thin film by the 1st electrode layer consisting of a transparent conductive 
layer, or the alloy of the metal, It is characterized by establishing either an acid-resisting layer or an optical diffusion 
layer for a coloring layer at one near a part or near all of the construct which consists of a transparent conductive layer 
prepared on an electron-injection metal layer, and a construct at another side. 

[0022] The coloring layer of the organic EL element in this invention is characterized by the color of a coloring layer 
and the luminescent color of an organic electroluminescence having a complementary color relation mostly. 
[0023] The electron-injection metal layer of the organic EL element in this invention is characterized by average 
thickness being several nm. 
[0024] 

[Function] The organic EL element of this invention prepares in layers the organic thin film which consists of two or 
more layers, and the 1st and the 2nd electrode layer which are prepared in the both sides of an organic thin film on a 
transparent substrate. 

[0025] And the 1st electrode layer consists of a transparent conductive layer, and the 2nd electrode layer consists of an 
ultra-thin electron-injection metal layer of the metal of a low work function prepared on an organic thin film, or its 
alloy, and a transparent conductive layer formed on the electron-injection metal layer. And an electron-injection metal 
layer makes thickness of the average a several nm thin film. 

[0026] According to this invention, the electron-injection metal layer of several nm very thin thickness is prepared. For 
this reason, most absorption of light can be disregarded, and since it moreover shows the property of the work function 
of metallic-material original, it can perform the electron injection to an organic thin film efficiently. 
[0027] from this - transparent - in addition — and an organic EL element with a sufficient luminescence property can 
be obtained 
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[0028] 

[Example] the example of the following and this invention - the structure of the organic EL element to kick is 
explained based on a drawing Drawing 1 is the cross section showing the organic EL element in the 1st example of this 
invention. 

[0029] As shown in the cross section of drawing 1 , it prepares so that the laminating of the 1 st transparent conductive 
layer 2, the electron hole transporting bed 3, a luminous layer 4, the electronic transporting bed 5, the electron-injection 
metal layer 6, and the 2nd transparent conductive layer 7 may be carried out one by one on the transparent substrate 1 . 
[0030] The point of the structure of the organic EL element in this invention is the electron-injection metal layer 6. That 
is, although the electron-injection metal layer 6 quality of the material chooses the small metal of a work function with 
sufficient electron-injection efficiency, or its alloy like the conventional example, it is very important in this invention to 
make very thin thickness of the electron-injection metal layer 6 with several nm. 

[003 1] Although considered a bird clapper by what the film with the perfect electron-injection metal layer 6 did not 
become, but grew in the shape of an island at this time, it will be satisfactory if average thickness is several nm even if it 
is such an imperfect film. 

[0032] In the electron-injection metal layer 6 of this thickness, the visible absorption of light in a metal layer is several 
% at the maximum, and the transparency as an organic EL element can be maintained. 

[0033] Here, the electron-injection efficiency from an electron-injection electrode layer side is almost equivalent to the 

time of being the former whose thickness of the electron-injection metal layer 6 is about lOOnm. 

[0034] As a component of drawi ng 1 , the transparent substrate 1 consists of high polymer films, such as glass or 

polyester. 

[0035] Furthermore, the 1st transparent conductive layer 2 and the 2nd transparent conductive layer 6 are ITO of lOOnm 
- 200nm thickness, and Sn02. It constitutes. 

[0036] Furthermore, in a luminous layer 4, the electronic transporting bed 5 uses [ the electron hole transporting bed 3 ] 
an about 50nm aluminum chelate complex (Alq) using the distyrylbiphenyl derivative of about 50nm of thickness using 
the triphenylamine derivative of 50nm - lOOnm of thickness. 

[0037] The manufacture method for forming the organic EL-element structure shown in drawin g 1 below is explained. 
First, ITO of 1 OOnm of thickness is formed by the sputtering method on 1 . 1 mm polish glass of ** . 
[0038] Furthermore, the triphenyl diamine (TPD:N, N'-diphenyl-N, N'-JI (3-methylphenyl) -4, 4'-diamino biphenyl) of 
60nm of thickness is formed by the vacuum deposition method, the JISUCHIRI ruby phenyl (DPVBi:4 and 4 ? -screw (2 
and 2-diphenyl vinyl) biphenyl) of 40nm of thickness is formed, and the aluminum chelate complex (Alq:tris (eight 
quinolinol) aluminum) of 20nm of thickness is formed further. 

[0039] Furthermore, (Magnesium Mg)-silver (Ag) is formed 2nm of thickness in a simultaneous vacuum deposition 
method on it. 

[0040] Then, ITO of 150nm of thickness is formed by the SUPPATA Ling's method, and it considers as the organic EL 
element shown in drawing 1 . 

[0041] Thus, when the voltage of 9V was impressed to the obtained organic EL element, it is 90 cd/m2. Luminescence 
brightness was obtained. 

[0042] This luminescence brightness value did not change with the structure shown in conventional drawing 7 with the 

case where it is the element of Mg-Ag of the thickness whose metal-electrode layer 76 is lOOnm. 

[0043] And the organic EL element of this invention had the permeability of the light almost as more transparent still as 

87%. 

[0044] As already stated, in the organic EL element in the example of this invention, it is important to form the several 
nm very thin electron-injection metal layer 6. 

[0045] Therefore, though the laminated structure from the 1st transparent conductive layer 2 of drawing 1 to the 2nd 
transparent conductive layer 7 is seen as one and the transparent substrate 1 is allotted to the 2nd transparent conductive- 
layer 7 side, there is completely the same effect. 

[0046] Moreover, the organic thin film portion of the electron hole transporting bed 3 about luminescence of an organic 
EL element, a luminous layer 4, and the electronic transporting bed 5 has the completely same effect as the above 
explanation in other combination, such as an electron hole transporting bed and an electronic transportability luminous 
layer. 

[0047] Drawing^ is the cross section showing the organic EL element in the 2nd example of this invention. In the 
organic EL element of the same composition as drawing 1 , the coloring layer 8 is added to a 2nd transparent 
conductive-layer side. 

[0048] Although the coloring layer 7 is the application film which used the color or the pigment, it does not necessarily 
need to be monochrome and also includes arbitrary patterns. 
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[0049] The thickness of the coloring layer 8 chooses in several micrometers - hundreds of micrometers and is 
satisfactory. Furthermore, the coloring layer 8 does not need to be structure pasted up on the 2nd transparent conductive 
layer 7, and the separated structure is sufficient as it as it has only touched. 

[0050] The coloring layer 8 can also be put on the 2nd transparent conductive-layer 7 side further again using the plastic 
sheet colored paint or the whole. 

[0051] The structure of drawing 2 is similar with the composition of drawin g 8 which shows the structure of the 
conventional example. However, since it is mostly visible to the luminescent color according to this invention to 
drawing 8 being what only measures improvement in the contrast as a display device at the time of luminescence which 
can let a transparent organic EL element pass and can see the color and pattern of the coloring layer 8 when it sees from 
the transparent substrate 1 side at the time of un-emitting [ of an organic EL element ] light, various light effects are 
realizable. 

[0052] Furthermore, as shown, for example in the optical spectrum of drawing 3 , this red considers the case where it 
considers as combination with blue as shown by the emission spectrum 32 which has a complementary color relation, as 
the red shown by the reflectance spectrum 3 1 as a coloring layer 8, and the luminescent color. In addition, as blue, the 
JISUCHIRI ruby phenyl (DPVBi) was used as coloring matter, using a minium as red. 

[0053] Naturally it will be visible to the red of the coloring layer 8 at the time of organic EL un-emitting light. On the 
other hand, at the time of organic EL luminescence, the red which outdoor daylight reflected from the coloring layer, 
and the blue of the luminescent color can carry out color mixture, and can direct the color which was extremely rich in 
change according to the intensity of outdoor daylight from a various hue and various bird clappers, such as a red system, 
a blue system, and white **. 

[0054] Drawing 4 is another example of this invention, and forms the acid-resisting layer 9 in the inferior surface of 
tongue of the transparent substrate 1 of drawing 2 further. In addition, if it becomes common more and an inferior 
surface of tongue here is expressed correctly, it will become an interface with the air of the side which looks at 
luminescence of an organic EL element. 

[0055] As an acid-resisting layer, usually, the thing like the nonreflective film formed by the multilayer interference thin 
film from which a refractive index differs is used as known well. 

[0056] thus, reflection in the front face of the transparent substrate 1 is suppressed - if it becomes - environment bright 
in the state of un-emitting light — an organic EL element - **** - the time — more clear — a coloring layer — the 
color and the pattern can be seen 

[0057] Furthermore, it is also very effective in the portion of the acid-resisting layer 9 to prepare the layer which has 
optical diffusibility like an obscured glass or translucent ceramics as the substitute. 

[0058] Since the specular reflection in the inferior surface of tongue of the transparent substrate 1 can protect at this 
time, at the time of element luminescence it not only can acquire a soft color tone, but sometimes generated in any at the 
time of un-emitting light and luminescence at the time of organic EL-element formation and use, there is an effect 
which covers visually the minute non-light-emitting part used as a sunspot, and it becomes a practical big advantage. 
[0059] Drawing 5 and drawin g 6 are the cross sections showing the composition when applying the organic EL element 
of this invention to a clock. 

[0060] As explanation of drawing 1 also described, drawing 5 shows the example of composition of arranging the 
transparent substrate 1 to the 2nd transparent conductive-layer 7 side, and forms the still more nearly same coloring 
layer 8 as drawing 2 in the inferior surface of tongue of the transparent substrate 1 . The transparent dial 10 for clocks is 
allotted like drawing 5 further again. 

[0061] Here, the dial and the organic EL element which printed the time character are used as another object, and there 
is an advantage that part manufacture can be made easy. 

[0062] Drawing 6 is the cross section showing the clock incorporating the organic EL element of the example of this 
invention. An organic EL element is the same composition as drawing 2 , and since the transparent substrate 1 serves as 
the dial here, it prints a time character to the side which does not form the luminous layer of the transparent substrate 1 . 
[0063] In drawing 6 , the movement 62 which drives an indicator 61 is formed in the sheathing 64 incorporating the 
windshield 63 which consists of transparent glass or sapphire. 

[0064] In this movement 62, although illustration is not carried out, it is equipped with the quartz resonator, the 
semiconductor integrated circuit for driving a stepping motor, and the **** mechanism in which an indicator 61 is 
driven. Furthermore, the back lid 65 stops sheathing 64 and it is used as a clock completion object. 
[0065] With such structure, illustration will emit light, if voltage is impressed to an organic EL element using the cell 
and switch which are the power supply which was not carried out, and it can recognize a clock display skillfully also in 
a dark place here. 

[0066] On the other hand, in a bright place, the color or pattern of the coloring layer 8 is recognized as a dial, and 
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various kinds of design nature as a clock can be pursued. 

[0067] If all or a part of coloring layers 8 are omitted, when an organic EL element will not emit light in drawing 6 
further again, the whole movement 62 or a part can be seen. For example, a very interesting clock can consist of making 
the **** mechanism section visible. 
[0068] 

[Effect of the Invention] the above field explanation — the Ming kana — according to [ like ] the organic EL element 
of this invention - a luminescence state — setting - the usual luminescent color organic [ EL ] - moreover, in the state 
where light is not emitted, a configuration, color, etc. of an object which are arranged to the background of a transparent 
organic EL element can be seen 

[0069] Consequently, when it is used as a dial for clocks, the clock which can be rich in design nature and can moreover 
see a time stamp easily also in a dark place can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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